Aim: The aim of the present study was to examine whether behavioral and psychological symptoms of dementia at the time of admission could be a predictor of falls in older people with dementia residing in geriatric health service facilities.
Introduction
The number of older people with dementia has increased with the aging of the population. According to the Japanese Ministry of Health, Labor and Welfare's report in January 2015, the number of older people with dementia in Japan was estimated at 4.62 million. If we include those with mild cognitive impairment, this total reaches 8.62 million. 1 This means that one-quarter of older people aged ≥65 years will face dementia. Worldwide, totals are projected to increase from 35.6 million people in 2010 to 65.7 million people in 2030 and 115.4 million people in 2050. 2 With the progression of dementia, the risk of falling rises. It has been reported that the risk of falling is eightfold higher in older people with dementia than in those without dementia. 3 Furthermore, Harlein et al. reported that the risk of falls in older people with dementia is related to dementia-related movement disorders, visual impairments, the type and severity of dementia, behavioral and psychological symptoms of dementia (BPSD), history of falls and psychotropic medication use. 4 Therefore, in order to prevent older people with dementia from falling, it is important to pay attention to a variety of related topics. With dementia, memory loss, higher-order dysfunction and deficits in executive function are defined as core symptoms, whereas BPSD occur as older people with core symptoms of dementia respond to interactions with people and their surrounding environment in the form of hallucinations, delusions, agitation, day and night reversal, wandering, aggression, and others. 5, 6 Studies of non-drug interventions for Alzheimer's disease and psychotherapy with randomized controlled trials reported that 43% of their participants had improved BPSD. 7, 8 These results
show a high possibility of improvement of BPSD, although it is difficult to fundamentally improve core symptoms at the present moment, so it is important to focus on and respond individually to BPSD with the prevention of falls for older adults with dementia. In addition, Aalten et al. carried out principal component analysis on 12 BPSD items, extracted four factors and stated that it is effective to treat each factor separately. 9, 10 To prevent people with dementia from falling, it is important to clarify the relationships between falling and each problem as BPSD with dementia. Past studies have shown that some items, such as confusion, wandering, agitation and unsteady gait, were related to falling among community-dwelling older adults. 11, 12 In contrast, in other studies about people with dementia falling, BPSD were assessed by a total score. This suggested that the relationship between falling and each BPSD remains unknown. The purpose of the present study was to investigate whether the corresponding presence of BPSD items at early admission could be a predictor of subsequent falls for older people with dementia who are in long-term care geriatric health services facilities.
Methods

Participants and investigation period
A retrospective cohort design was used for this research. Three geriatric health services facilities (100 beds each) in Fukushima Prefecture, Japan, were selected as target facilities. Of the 305 people admitted between May 2013 and November 2014, 242 (74 men, 168 women) who scored ≤20 points on the Hasegawa Dementia Scale-Revised (HDS-R) were included in the survey (Fig. 1 ).
Tracking method
The participants were tracked for up to 180 days, starting from the date of their admission. The reason for the tracking period was because the average length of stay in the target facilities was 180 days. It was determined that the first fall would be an event occurrence in all three facilities, and the definition of a fall was "to make contact with the ground or a lower location with a hand or knee, not by one's own will." 13 For those who stayed <180 days, tracking was carried out until their departure.
Survey items
Personal data and falling data of the participants were extracted from the medical records and accident reports maintained by the facilities. Based on each participant's condition at the time of admission, we extracted data on sex, age (years), height (cm), weight (kg), HDS-R (points), care need levels in the long-term care insurance system (level 1 to level 5), method of movement, activities of daily living (ADL), use of sleeping pills and/or tranquilizers, presence or absence of a history of cerebrovascular disorder, presence or absence of a history of bone and joint disease (osteoarthritis, fracture of bones etc.), residence before admission (selected from either home, hospital or facility) and history of falls in the preceding 12 months, in addition to the initial BPSD at admission. ADL were classified into four levels -J (independent), A, B and C (requiring whole care) -according to the independence degree of daily living for the disabled older adult.
14 This scale was created to assess the degree of daily living independence of older people with some disabilities by public health nurses and so on in a short time in facilities or regions of Japan. BPSD were investigated within 2 weeks of admission using 15 items from the Long-Term Care Certification Questionnaire Group 4.
15-17 These 15 items are required in Japan for monitoring of the long-term care insurance) system. The 15 items were classified into psychological symptoms and behavioral symptoms based on previous research. The psychological symptoms included the four items: "people are stealing things"; "misidentifications"; "house is not one's home"; and "hallucinations"; and behavioral symptoms were the 11 items: "crying"; "circadian rhythm disturbances"; "repetitive questioning"; "screaming"; "resistiveness to care"; "wandering"; "repetitive mannerisms"; "physical aggression"; "repetitive anxious complaints"; "repetitive sentences"; and "agitation." 18 The answers were classified into three groups: "Yes"
if the symptoms appeared with a frequency of at least more than once per week; "Occasionally" for a frequency of more than once per month, but less than once a week; and "No" for no appearances in the past month or rarely more than once per month. Interviewers had been working for >5 years in the same facility and were certified as either care workers, physical therapists, occupational therapists or speech-language-hearing therapists, and they evaluated the BPSD and ADL of the participants. In addition, preliminary training sessions were held for the interviewers to maintain the quality of the study.
Statistical analysis
The participants were divided into two groups according to the presence or absence of falls during 180 days. For continuous variables, the mean values and SD were calculated and compared by using Student's t-test. For categorical variables, frequency and ratio were calculated and compared by the χ 2 -test. Hazard ratios (HR) and the 95% confidence interval (95% CI) were calculated, and analysis was carried out using the Cox proportional hazards model with the presence or absence of falls as a dependent variable and the presence or absence of BPSD as an independent variable. Confounding factors were sex, age, HDS-R, history of falls, level of care required and ADL.
Ethics committee approval
This study was approved by the Fukushima Medical University ethics committee (approval number 1188). All data were treated as work-related information, and were received and analyzed after anonymization at the facility.
We obtained all data from work-related information. Instead of informed consent from every participants, we asked for understanding by publishing details of the study on the homepage on the university and on-site posting in the facility. Table 1 shows the characteristics of the participants at admission. Of the 242 participants, 153 (63.2%) were non-fallers and 89 (36.8%) were fallers. There were 168 women and 74 men, with an average age of 85.3 years (SD 7.7 years). The median (25th-75th percentile) number of days tracked was 84 days (27-122 days).
Results
As for the subjects' distinguishing features, 73.6% had B or C levels of ADL, and 72.3% used wheelchairs as their primary means of movement. Care level 1 had the lowest number of fallers. ADL had many fallers at level A and fewer fallers at level C. Level J, a level where outdoor movement is possible, was not included because participants were nursing care facility residents. Significant difference in care levels (P = 0.027), ADL (P = 0.001) and history of falls in the preceding 12 months (P < 0.001) were observed between fallers and non-fallers. Table 2 shows the prevalence of each BPSD items. The most prevalent BPSD among all participants were "repetitive anxious complaints" (104 participants, 43.0%) and "hallucinations" (71 participants, 29.3%), while the rarest were "physical aggression" (4 participants, 1.7%) and "repetitive mannerisms" (23 participants, 9.5%). "Repetitive questioning" (P = 0.020), "house is not one's home" (P = 0.001), "wandering" (P < 0.001) and "agitation" (P < 0.001) showed the a significantly higher prevalence for fallers. Table 3 shows the Cox proportional hazards model. Analysis of the results after adjusting for sex and age, two items showed the hazard ratio for falling significantly, for "house is not one's home" (HR 1.63, 95% CI 1.07-2.49), "wandering" (HR 2.46, 95% CI 1.51-3.99) and "agitation" (HR 2.15, 95% CI 1.39-3.31). After adjusting for sex, age, HDS-R, care levels, ADL and history of falls, two behavioral symptoms, "wandering" (HR 2.23, 95%CI 1.35-3.68) and "agitation" (HR 1.94, 95%CI 1.24-3.04), were significantly increased in the fallers. 
Discussion
The result of the current study suggests that there is a possibility that two BPSD items at the time of admission, "wandering" and "agitation," might be strongly related to subsequent falls. To our knowledge, although past studies focused on community-dwelling older adults, 11, 12 we are the first to report that "wandering" and "agitation" of dementia residents in care facilities. In light of a past study, "wandering" and "agitation" were commonly found among people with dementia. 19 We believe that monitoring such symptoms and providing adequate support will contribute to the prevention of falls among many dementia patients.
As Aalten et al. proposed, we also found that specific behavioral symptoms contributed to the risk of falls. 9, 10 There were 89 fallers (36.8%) in the present study, which is consistent with the findings of past research into critical care nursing home residents (37%). 20 This indicates that the participants of the present study were representative of older people in current facilities.
Based on the results of the distinguishing features of the falling factors of residents, few participants with severe care levels fell; however, many residents with care need level causing difficulty in walking fell. Thus, we believe that the participants who require light assistance in daily living, including help with getting into and Data presented as n (%) or mean AE SD. ADL, activities of daily living; HDS-R. Hasegawa Dementia Scale-Revised. Data presented as n (%).
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out of their wheelchair as a result of deterioration in physical functions, such as muscle weakness and decline of health conditions, had many opportunities to fall. People with a severe degree of physical deterioration have difficulty in moving with their own strength, as they are in bed on a long-term basis, and they require heavy assistance. In contrast, it is thought that people with a mild degree of deterioration have more physical function than people with a severe degree, and they have more opportunities to fall because of a greater amount of activity. Similar to the results of a past study, a history of falling was found to be one of the risk factors for falls in the current study. 21 When receiving new residents, assessing the history of falls is important to prevent future falls. For those who have a history of falls, it is necessary to keep watch, adjust the environment and to be alert to falls, because there is a high possibility of falling.
The prevalence of BPSD in the present study was 69.0%, and 167 out of 242 participants had more than one BPSD. A past study in Japan reported a BPSD prevalence of 88.3%. 19 In addition, a past BPSD study included apathy as a behavioral symptom when calculating prevalence, which might be a reason for the difference with the prevalence of the present study, which did not make apathy a survey item. In addition, there is a possibility that the difference of participants might have an effect, because the past research was aimed at local residents. According to studies carried out outside Japan, the prevalence of BPSD symptoms varies by country. For example, the symptom of screaming had a low rate of 9% in England compared with approximately 30% in the USA and Japan. Therefore, it is important to evaluate each individual symptom of BPSD. 22, 23 The symptoms of "repetitive questioning," "house is not one's home," "wandering" and "agitation" showed significant difference for falls in univariate analysis. Among those, the behavioral symptoms of "wandering" and "agitation" had a high possibility of leading to falls in the future, so people with these symptoms need to be monitored carefully. "Desire to return home" is one of the delusions of psychological symptoms that might lead to "wandering" and "agitation," which cause falls. Furthermore, it is thought that there are many cases of falling after hitting an obstacle and losing balance as a result of declining attention, judgment and physical function. Actions that cause falls are manifestations of the will of older adults with dementia wishing to do something, and it is necessary to anticipate the intention of their actions and provide aid. At the same time, it is necessary to keep watch more vigilantly over those who show "wandering" and "agitation" symptoms in order to prevent falls.
As for effective interventions, empirical research has begun to focus on case reports. Psychotherapy has been effective for treating agitation in Alzheimer's disease. 7 In addition, there are reports that interventions, such as music therapy (which is a nonpharmacological treatment), dual-task rehabilitation, personcentered care and more, are also effective countermeasures to agitation and aggressive behaviors of dementia symptoms. [24] [25] [26] From these reports, it is thought that because these interventions for individual BPSD are gradually accumulating despite being in the research stage, implementing effective interventions will certainly improve and prevent the deterioration of symptoms, as well as lead to the prevention of falls. Although the present study investigated the use of tranquilizers and sleeping pills, we used only existing data, so we could not confirm the medication details. Further studies are required to investigate detailed medication contexts and check whether falls are adversely affected or not.
The present research suggests that two behavioral symptoms of dementia, "wandering" and "agitation," shown by residents at the time of admission to geriatric health services facilities might be closely related to subsequent falls. Care must be taken, as those two specific behavioral signs contribute to the risk of falls.
